The study of the binding of the liver carcinogen, N-acetyl-2-aminofluorene, to the DNA of the target organ-as the probable initial step in the process of carcinogenesis-has shown that three modes of interaction occur. N-Acetyl-2-aminofluorene is covalently bound with the nitrogen to the carbon 8 of guanine (I) and with the 3-position to the free NH2-group of guanine (II). The third mode of interaction is formed by a covalent bond between the nitrogen of 2-aminofluorene and the carbon 8 of guanine (III). In this study the different modes of interaction were measured separately in stromal and parenchymal cells of the rat liver, after a single intraperitoneal dose. The DNA was isolated from nuclei that had been separated by lg sedimentation. In parenchymal DNA the types of interaction I and III occur in the same amounts one day after application. In stromal cells the amount of interaction I is relatively small and interaction III predominates (ratio 111:1 = 5). The amount of interaction III in tetraploid hepatocytes (the largest cell population in the studied rats) per mg DNA is about two times higher than in the stromal cells. While-the removal of the total amount of DNA-bound carcinogen takes place at the same rate in the two cell types, a difference in rate and efficiency of repair is observed for the different types of interaction. In tetraploid hepatocytes, interaction I is almost completely removed from the DNA 2 weeks after application, while interaction III diminishes to about 1/3 during the first week but the remaining part disappears very slowly. As shown in earlier studies, interaction II remains in the DNA at a constant level. This paper reports on the work done at The Netherlands Cancer Institute in Amsterdam on the interaction of 2-aminofluorene and 2-acetylaminofluorene with DNA. The structure of these two compounds is shown in Figure 1 , and both the amine and the acetyl derivative are well known as powerful liver carcinogens.
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I would like to start by briefly summarizing the knowledge that has been accumulated during the past 15 years on the metabolism and the interaction of these compounds with DNA in the target organ. As a consequence of the metabolic activity in the rat liver, these compounds are interconverted by acetylating and deacetylating enzymes; besides these conversions a number of other derivates are formed via liver metabolism (1) . As (Fig. 3) .
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This ratio however appeared to depend on the sex NI pJ(7), the strain (8) , the period between application and sacrifice of the animal (9) and probably on the age. Figure 4 demonstrates the strain dependence of the ratio between the interactions II and III in the rat liver one day after application. These chromatograms show the amounts of GuAF and GuAAF measured by the amounts of radioactivity that cochromatographed with the synthetic marker compounds that had been added to the acid hydroly-O)
zates of the liver DNA. Where the amount of the acetylated product is about the same in both strains, the deacetylated bound form is about four The first mode of interaction results in a covalent bond between the ortho position of the aromatic moiety of the carcinogen and the free amino group of guanine in DNA; in addition to this reaction, the position 8 of guanine is attacked by the nitrogen of the carcinogen (3) . Figure 3 shows the structures of the interactions, and compounds I and II can be isolated from the reaction mixture after acid hydrolysis of the DNA. These two compounds can be isolated from the in vitro reaction as well as from rat liver DNA after treatment of the animal with the carcinogen. Compound III in Figure 3 is also detected in liver DNA hydrolyzates (4) after carcinogen application and can be obtained in vitro by deacetylation of compound II (5) . This third mode of interaction in vivo probably occurs as a consequence of the interaction of the ultimate carcinogen 2-AF-OR shown in Figure 2 . There are indications that in vivo it is the 0-acetate (R = acetyl) that is responsible for this particular DNA interaction, but the glucuronide may also play a role as leaving group (6) . Thus, interactions I and II occur simultaneously via one metabolic pathway while interaction III most likely occurs independently via another. An experiment done with 3-month-old male rats of the strain R-Amsterdam to determine the amounts of the three modes of interaction shows, one day after a single intraperitoneal dose of the tritiated 2-ace- 
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times lower in the Sprague-Dawley males, and obviously this is caused by strain-dependent differences in hepatic metabolism in the liver of the different strains. These hydrolyzates were obtained by treatment of the DNA with trifluoroacetic acid. This procedure has the advantage that hydrolysis proceeds rapidly and quantitatively for both the carbon 8-substituted adducts (II and III). The N2-substituted adduct, however, decomposes under these conditions (10) , which is the reason these chromatograms give no information about interaction I. This latter mode of interaction has been studied earlier in our laboratory and was found to be persistently present in the liver (9) . In this present study we were particularly interested in the rate of disappearance of products from the guanine carbon 8 interactions in the liver. Figure 5 shows the decrease from the liver DNA of the two guanine carbon-8substituted adducts in 3-month-old rats of the strain R-Amsterdam after a single IP dose. The vertical lines give the coefficient of variation of the amounts of radioactivity that cochromatographed with the synthetic markers. Four animals were used for every point. The shape of this curve strongly suggests that the amounts of both interactions decrease t-o a constant value (8) and in one experiment we observed that after a period of 10 weeks both the adducts were still present in the liver DNA in the same amounts as after 2 weeks.
4r dpmimg DNA. 10 3 As a consequence of these results, the question arose whether this persistently bound fraction was located in distinct cell populations in the liver or if it was spread out randomly over the whole liver. In order to answer this question, we decided to use a technique for the separation of nuclei from different cell populations of the liver by velocity sedimentation at unit gravity (11) . Figure 6 shows the sedimentation chamber that we used. A nuclear suspension of 100 mL containing about 109 nuclei, obtained from a liver homogenate was layered on the top of a sucrose gradient ranging from 5 to 30% over an 8-cm distance. The nuclei were allowed to sediment overnight at 40C. Figure 6 shows schematically the separation that is obtained under these conditions. (12) . Figure 7 shows a diagram of the number of nuclei plotted against the fraction number of the fractions obtained from the separation chamber. In this case a 3-month-old male rat of the strain R-Amsterdam was used. Though this diagram shows that the separation of the different nuclei was not complete, it appeared to be sufficient to obtain more insight into the differences in binding of aminofluorene and acetylaminofluorene to DNA in these distinct cell classes of the rat liver. The scheme used for these experiments was (1) injection of 3H-AAF (900 mCi/mmole); (2) isolation of nuclei; (3) separation of nuclei at lg; (4) DNA isolation; (5) DNA hydrolysis with TFA; (6) HPLC of the hydrolyzates with the marker compounds. RAmsterdam rats of about 3 months were injected with highly labeled acetylaminofluorene, tritiated in the aromatic moiety at a dose level of 2 mg/kg body weight, and the animals were sacrificed 2, 7 and 14 days after application, respectively. Nuclei were isolated from the liver homogenate and separated at unit gravity. From the pooled fractions the DNA was isolated by sodium dodecyl sulfate lysis followed by hydroxyapatite chromatography. The DNA was purified further by precipitation of its cetavlon salt and analyzed by hydrolysis in trifluoroacetic acid and chromatography of the hydrolyzate by HPLC on a reversed phase column with a propanol/water gradient. Figure 8 shows the chromatograms of two hydrolyzates. The left one is from tetraploid hepatocytes and the right one is from stromal diploid nuclei. The animals were sacrificed 2 days after carcinogen application and about 200 ,Ag DNA was hydrolyzed and chromatographed. The marker compounds were added to the hydrolyzate, and these chromatograms show that the amount of deacetylated bound material is about the same in the tetraploid parenchymal cells and in the non-parenchymal liver cells. The amount of acetylated material, however, is very small in the stromal cells as compared with the tetraploid hepatocytes. The chromatograms of the dip- Fr. no. loid hepatocytes show a picture that lies between the two chromatograms shown in Figure 8 . The reproducibility of the analysis of the diploid hepatocyte nuclei was rather poor and probably this is caused by the overlap of peaks I and II in the diagram of the nuclei separation (Fig. 7) . When we assume that in the interaction of the acetylated bound aminofluorene the sulfate transferase plays an essential role, then we may conclude from this figure that this enzymatic activity in the nonparenchymal cells is much lower than in the hepatocytes. Figure 9 shows what happens with the two modes of interaction during the first 2 weeks after application. These three chromatograms are from the hydrolyzates of tetraploid hepatocytes 2, 7 and 14 days after application of the tritiated carcinogen. We observe that both modifications disappear from I the DNA, but at a different rate. Obviously, the repair mechanism in the tetraploid hepatocytes has a different efficiency for the different modes of interaction. When we compare these results with earlier studies of AF-and AAF-modified DNA with respect to their sensitivity towards nuclease S1 (13) and with studies on the conformational changes caused by these modifications (14) , then we can conclude that a correlation exists between the amount of disturbance of the DNA helix and the rate of removal of the modification in vivo. Table 1 shows the quantitative values of the two different modes of interaction in the hepatocytes and nonhepatocytes in the liver and gives an impression of the rate of disappearance from the DNA. For the tetraploid hepatocytes and the octaploid hepatocytes, we observed the same values. The values of the diploid hepatocytes are omitted in this figure for two reasons: first, the amount of DNA that we isolated from the diploid hepatocyte fractions was, in most cases, too low for a reliable analysis and second, the diploid hepatocyte nuclei in most cases, were contaminated with nuclei from stromal cells to a large extent, which is in contrast with the stromal nuclei fraction, which appeared to contain diploid hepatocyte nuclei to a very small extent.
With respect to the amount of deacetylated bound materials in both cell classes, these data show the same trend as we had observed for the total liver DNA: after a rapid decrease of the interaction product during the first week, the rate of disappearance decreases, and this holds for the stromal cells as well as for the hepatocytes. For the acetylated-bound material in the hepatocytes, we observe the same effect, with this difference that the repair appears to be more complete.
The amount of acetylated-bound carcinogen in the DNA of the stromal cells after 1 week could not be analyzed reliably as a consequence of the low level of the interaction and the relatively small amount of DNA that we could isolate from this fraction. In conclusion we can state that, although there is a difference in interaction in the liver between the different cell populations, a significant difference in repair between the hepatocytes and the nonhepatic cells in the liver seems not to exist. In order to make a further differentiation in the stromal cell fraction between the von Kupffer cells and the endothelial cells, we shall have to use other separation methods (elutriation techniques) (15) , and for a more precise determination of the half-life time of the different modes of interaction in the distinct liver cells, we hope that we can use immunological methods (16) for the quantitative analysis.
